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CTS-induced RAS activation resulted in c-Raf phosphorylation. However,
c-Raf activation was not mediated via PAK phosphorylation and was not
inhibited by LY294002. These results suggested that RAS activated c-Raf
directly without PI-3-kinase mediated PAK-1 activation. CTS induced
c-RAF activation was followed by MEK1/2 (Ser217/221) phosphorylation,
which in turn phosphorylated ERK 1/2. Interestingly, Il-1b induced ERK
activation was mediated by RAS GTPase activity, however, its activation
cascade was distinct from CTS induced ERK1/2 activation. Examination
of down stream events revealed that in parallel to ERK activation, CTS
induced an increase in c-Myc phosphorylation and upregulation of c-myc,
VEGF, ERK 1/2, aggrecan, gene transcription. Furthermore, inhibition
of MEK1 by PD98059 inhibited CTS-induced upregulation of c-myc and
VEGF mRNA expression.
Conclusions: The results demonstrate that the anabolic actions of me-
chanical signals, at least in part, are mediated via ERK signaling cascade.
Furthermore, CTS upregulated RAS GTPase activity to initiate ERK
signaling cascade that results in the induction of genes such as VEGF
and c-myc that are associated with chondrocyte growth and proliferation.
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Purpose: One hallmark of osteoarthritis is erosion of the articular carti-
lage surface. In adult human knee articular cartilage, surface roughening
is associated with the weakening of cartilage both in ageing and in age-
matched samples. In addition, synovial ﬂuid (SF) exhibits concentration-
dependent lubrication qualities for articulating cartilage. Previously, stud-
ies of ex vivo joint wear have involved complex joint geometries and non-
physiological loading, and in vitro tissue wear has been limited to cartilage
apposition against a material such as steel. The hypothesis of this study
was that wear of articulating cartilage, under physiologically-motivated
loading amplitudes and patterns, increases with the number of loading
cycles, decreasing concentration of SF lubricant, and surface ﬁbrillation.
Methods: Experiments were performed to assess the effects of number
of loading cycles, decreasing concentration of SF lubricant, and cartilage
surface ﬁbrillation on the wear of articulating cartilage. For each experi-
ment, the loading protocol was 1 MPa compressive stress and ±15mm
sliding at 1800 cycles/hr for 4 or 8 hr with n = 3−4/group. To assess
the direct mechanical effects on wear, test lubricants were spiked with
protease inhibitors to inhibit enzymatic activity (anabolic and catabolic)
without affecting boundary lubrication. The wear-induced decrease in
cartilage thickness and loss of glycosaminoglycan (GAG) and collagen
(COL) into the lubricant was determined, and results analyzed statistically
with ANOVA. (1) The effect of loading cycles was assessed with bovine
samples tested in bovine SF or PBS as lubricant. (2) The effect of SF
concentration was determined with bovine samples tested in SF at 100%
or diluted to 30, 10, or 0% in PBS. (3) The effect of cartilage ﬁbrillation was
assessed with human samples with articular surfaces that were normal
(NL) or mildly degenerate (DGN) and with SF or PBS lubricant.
Results:
1. Cartilage thickness decreased with loading cycles, with more erosion
for samples lubricated with PBS (+260%) than with SF. The rate of
GAG and COL loss into PBS occurred in a linear fashion, 0.0027%/cy-
cle (R2=0.98) and 0.00042%/cycle (R2=0.99), respectively. SF lubri-
cant decreased the loss of GAG (−152%) and COL (−377%) compared
to PBS lubricant.
2. Wear increased with decreasing concentrations of SF. Cartilage thick-
ness decrease was 15% with 100% or 30% SF, and increased to
53% (+236% increase above 100% SF) with 10% SF and to 56%
(+256%) with 0% SF. Similarly, GAG loss and COL loss, relative to
that when lubricated with 100% SF, was higher when lubricated with
30% SF (+64% and +100%), 10% SF (+227% and +233%), and 0%
SF (+245% and +250%).
3. Cartilage wear was also dependent on the tissue integrity. The thick-
ness decrease, GAG loss, and COL loss were greater in DGN than NL
samples (+622%, +284%, and +190%), and when lubricated by PBS
rather than SF (+206%, +165%, and +91%).
Conclusions: These studies indicate that altered lubrication and carti-
lage ﬁbrillation, both, are important factors in the mechanical wear of
articulating cartilage. The mechanisms by which SF is wear-protective
may involve boundary lubrication to lower wear directly or, indirectly, by
lowering friction-induced tissue shear. The increased wear of cartilage
with ﬁbrillation may reﬂect increased shear strain of the collagen network
in the superﬁcial region. Enhancement of SF lubrication may be a biome-
chanical treatment strategy for patients with early or established cartilage
degeneration.
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Purpose: Meniscus loss leads to decreased clinical function and activity
levels and increases the rate of knee degeneration, thus leading to
additional surgeries or even knee replacement, especially in chronic
patients. Chronic patients are more focused on preserving their knees and
avoiding additional surgeries. The purpose of this study was to determine
if replacement of lost or irreparable meniscus tissue with the Collagen
Meniscus Implant (CMI) decreased the need for additional surgeries in
multiply operated chronic knee patients compared to meniscectomy only.
We hypothesized that patients who gained meniscus tissue with the CMI
would require fewer surgeries than meniscectomy only controls through
ﬁve years.
Methods: In this prospective randomized multicenter clinical trial (Level
of Evidence I), patients 18 to 60 years old who had undergone one
to three prior partial medial meniscectomies and currently had clinical
symptoms of meniscus pathology were randomized either to receive the
CMI or have an additional partial meniscectomy (control). Eighty-ﬁve
CMI were implanted, but one was removed at 3weeks after an incision
wound infection and two patients died. The remaining 82 CMI patients
were compared to 66 controls over 5 years to determine survivorship.
Survivorship was deﬁned as not having an additional unplanned surgery
outside the experimental protocol on the study knee.
Results: Follow-up rate at 5 years was 96%. Eight CMI patients (9.5%)
and 15 control patients (22.7%) required reoperation through 5 years.
Survivorship at one year was 90% for control and 95% for CMI patients,
86% for control and 95% for CMI patients at 2 years, 83% and 92% at
3 years, 79% for control patients and 91% for CMI patients at 4 years, and
74% for control patients and 89% for CMI patients at 5 years. CMI patients
had a signiﬁcantly higher survivorship compared to controls (p = 0.04).
The risk (odds) of reoperation was 2.7 times greater for controls compared
to CMI patients at 5 years (95%CI = 1.2 to 6.7). Furthermore, the majority
of control patient reoperations occurred prior to 24 months, but only four
CMI reoperations occurred during the ﬁrst 24 months (Figure).
Conclusions: This study conﬁrms that chronic patients who received
the CMI required fewer additional surgeries in their multiply operated
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knees than meniscectomy only controls through 5 years. The additional
tissue regeneration supported by the CMI may decrease progression of
degenerative changes and reduce the necessity and frequency for addi-
tional surgeries. This study further conﬁrms the importance of preserving
as much meniscus tissue as possible at the time of meniscus surgery,
and clearly it supports the potential positive beneﬁts of regrowing or
regenerating lost meniscus tissue. Our hypothesis was afﬁrmed.
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Purpose: Prospectively, we determined amount of meniscus loss and
anatomic location of Collagen Meniscus Implant (CMI) placement after
partial medial meniscectomy, then at 1-year relook we determined total
meniscus tissue present based on surface area coverage. We correlated
percent of meniscus and anatomic location of the original lesion with func-
tion and activity levels six years after CMI placement. We hypothesized
that meniscus amount and anatomic location would inﬂuence clinical
function and activity levels.
Methods: In a prospective randomized controlled multicenter clinical
trial (Level of Evidence I), 114 chronic patients (1 to 3 prior partial
meniscectomies on the involved meniscus) 18 to 60 years old underwent
partial medial meniscectomy, and then randomly one group received a
CMI to ﬁll the meniscus defect. There were 68 meniscectomy only controls
and 46 CMI patients. At index surgery, amount and anatomic location of
meniscus removed and CMI placement were documented on a standard
grid (Figure). Locations were categorized as posterior (A), middle (B),
or anterior (C) third. A 1-year relook was done on CMI patients, and
meniscus surface area coverage was measured. Patients were followed
clinically for a minimum of two years and subjectively annually thereafter.
Average follow-up was 69 months (range, 24 to 92). All patients completed
validated questionnaires including Lysholm and Tegner scores to assess
function and activity.
Results: For CMI patients, 29 had lesions which included the posterior
and middle thirds (AB), and 17 had lesions involving all three zones
(ABC). Lysholm scores were signiﬁcantly higher in patients with AB
lesions (81) compared to ABC lesions (71), p = 0.046. AB lesion patients
also had signiﬁcantly higher Tegner index (0.70) than ABC lesion patients
(0.22), thus the AB patients regained more of their lost activity, p = 0.049.
Comparing all patients with 60% meniscus surface area coverage, CMI
patients had signiﬁcantly higher Tegner index compared to controls (0.59
vs. 0.30), p = 0.036. No differences between treatment groups were seen
in patients with <60% meniscus surface area coverage. When comparing
24 month values to those at ﬁnal follow-up, controls had no change for
Lysholm (p = 0.13) or Tegner (p = 0.39) scores, but CMI patients improved
signiﬁcantly over time for both Lysholm (p = 0.02) and Tegner (p = 0.04)
scores.
Conclusions: The zone of meniscus involvement inﬂuenced clinical
outcomes at 6 years in CMI patients with those whose lesions extended
into all three zones doing worse than those with lesions in posterior
and middle zones only. Patients with successful CMI procedures yielding
60% meniscus surface area coverage were signiﬁcantly better than
meniscectomy only controls for both clinical function and activity levels.
Noteworthy, CMI patients continue to improve over time for clinical func-
tion and activity levels, but control patients do not.
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Purpose: Degeneration and tearing of rotator cuff tendon causes sig-
niﬁcant morbidity in our ageing population. Treatment options for cuff
disorders are limited by a lack of information concerning the fundamental
mechanisms that cause tendinopathy. Pre- and post-rupture changes
are difﬁcult to study in humans. An animal model of shoulder tendon
injury has been recently established in our laboratories, whereby the
pathological effects of both overstress (OS) and stress deprivation (SD)
on tendons can be evaluated and potential molecular mechanism studied
simultaneously.
Methods: Twenty-four 2 year-old Merino wethers had the infraspinatus
tendon of one forelimb partially transected; 24 sheep had tendons ex-
posed but not cut (sham) and 24 sheep were non-operated controls
(NOC). After sacriﬁce of 6 animals in each group at 2, 13, 26 and
52 weeks, 2 regions of tensile tendon (deﬁned by ﬁnite element analysis to
be SD or OS following the transection) were removed from each shoulder.
Tendon was formalin-ﬁxed and processed for histology or snap frozen
for subsequent total RNA extraction and real time RT-PCR using vali-
dated ovine-speciﬁc primers. Genes examined were aggrecan, versican,
decorin, lumican, ﬁbromodulin, biglycan, MMP-13 and ADAMTS-1, -4 and
-5.
Results: Two weeks after transection, signiﬁcant pathological changes
were apparent in both SD and OS tensile tendon when compared with
either NOC or sham-operated tendons (all p< 0.05). By 26 and 52 weeks,
histopathology scores, including collagen alignment, had returned to
sham levels in OS but not SD tensile tendon. Regardless of transection-
induced OS or SD, proteoglycan staining in both regions signiﬁcantly
increased and was still elevated at 52 weeks (p< 0.02), by which time
deﬁned areas of chondroid metaplasia had become evident.
There was no difference in gene expression between sham and NOC.
In SD tendon, expression ratios (fold change transected from sham) of
versican, biglycan and lumican were signiﬁcantly increased (all p< 0.05)
and decorin and ﬁbromodulin decreased (p< 0.005) at multiple time
points. In OS tendons, upregulated expression of aggrecan and biglycan
only became evident at 13 weeks post-transection (both p< 0.02), and
decorin, ﬁbromodulin and lumican were not regulated. MMP-13 (a major
ﬁbrillar collagenase) was signiﬁcantly upregulated in SD (p< 0.005) but
not OS tendon. Expression of all three ADAMTS, which would normally
be implicated in aggrecan and versican proteolysis, was not signiﬁcantly
changed in either SD or OS tendon at any timepoint in this study.
Conclusions: Proteoglycan accumulation and chondroid metaplasia are
major pathological ﬁndings in both SD and OS tensile tendon but the
underlying molecular mechanisms appear to be temporally different. Ex-
cess proteoglycan may alter tendon biomechanics, increase susceptibility
to tearing and inhibit repair processes. Pathological accumulation of
proteoglycan, especially aggrecan and versican, in tensile tendon may
be associated with lack of ADAMTS activity. This has implications for
the treatment of tendinopathy, where molecular therapies that decrease
aggrecan and increase ADAMTS may be beneﬁcial. Furthermore, these
results suggest that therapies aimed at decreasing ADAMTS activity in
the joint to treat osteoarthritis may induce unwanted side effects in joint
(and possibly other) tendons in the longterm.
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Purpose: Tendon injury leads to a local inﬂammatory response, charac-
terized by the induction of pro-inﬂammatory cytokines such as interleukin
(IL)-1beta and tumor necrosis factor (TNF)-alpha. Tendon healing is a
time consuming process and strongly inﬂuenced by this post-traumatic
inﬂammation. More and more evidence arose that the immunoregulatory
Th2 cytokines Il-6 and Il-10 might also contribute to the complex remod-
elling processes observed during wound healing in connective tissues.
Since the role and interplay of pro-inﬂammatory and immunoregulatory
cytokines in tendon remains still unclear, the aim of the present study was
to analyze the effects of TNF-alpha, Il-6 and Il-10 on key parameters of
